Introduction
While many ternary rare-earth and actinoid transition metal carbides are known with 3 d and Ad transition elements [1 -7 , and references cited therein], only few were reported with 5 d transition metals. Of these those with rhenium are most nu merous: Sc5R e2C7 [8] , Ln2ReC2 (Ln = Y, C e -N d , Sm, G d -T m , Lu) [9] , U R eC 2 [10] , U 2R e2C3 [11] and U5R e3C8 [12] . In the present paper we present a new series of such carbides. Some brief reports about this work were given at conferences [13] [14] [15] . The crystal structure was first determ ined for the lanthanum com pound from an unusually small crystal and therefore it had rather large stan dard deviations [13] . However, the better data ob tained for the holmium compound confirmed the earlier structure determ ination [15] . H ere we give a full account of our work.
Sample Preparation and Lattice Constants
Starting materials for the preparation of the car bides were filings of the rare-earth metals (about 40 mesh, >99.9%), rhenium powder (400 mesh, >99.9%) and graphite flakes (2 0 -6 0 mesh, >99.5%). The filings of the light rare-earth metals were kept under dried paraffin oil, which was washed away by repeated treatm ent with dried * Reprint requests to W. Jeitschko. cyclohexane prior to the reactions. Stoichiometric mixtures with a weight of about 500 mg were coldpressed to pellets, which were reacted in an arcmelting furnace in an atmosphere of purified ar gon. All samples were turned over and remelted several times to ensure good homogeneity. The weight loss of the samples after several meltings was always smaller than 1%. For the subsequent annealing process in evacuated silica tubes (20 days at 900 °C) the samples were wrapped in tantalum foil. While most of the compounds were already present in the arc-melted samples, L a12Re5C 15 was formed during the annealing process.
Single-crystals of L a12R e5C 15 were obtained di rectly from the sample annealed at 900 °C. In the case of H o 12R e5C 15 the elemental components were reacted first in an arc-melting furnace. In a second step this sample was annealed slightly be low the melting point (for about two hours) in an evacuated, sealed, water-cooled silica tube in a high-frequency furnace. Energy dispersive analy ses of some samples in a scanning electron micro scope were in agreement with the ideal com po sition and did not reveal any impurity elements heavier than sodium.
Guinier powder diagrams of the samples were recorded with a-quartz (a = 491.30 pm, c = 540.46 pm) as an internal standard. Indices could be as signed on the basis of the hexagonal cell found by the single-crystal investigations. The identification of the diffraction lines was ensured by intensity calculations [16] using the positional param eters of the refined structures. The lattice constants (Table I) were obtained by least-squares fits of the powder data. The plot of the cell volumes of the L a12ResC]5-type carbides (Fig. 1) shows the ex pected lanthanoid contraction. The small deviation of the cerium compound from the smooth plot indicates some tetravalent character of the cerium atoms in these compounds.
Properties
Compact samples of the L a12R e5C 15 type com pounds were all light grey with metallic luster. The powdered samples were dark grey. The carbides with the light lanthanoids are all sensitive to the humidity of the air and must therefore be kept under argon or dried paraffin oil, while the com pounds with yttrium and the heavy lanthanoids are stable in air for several months.
Structure Determinations
The single-crystals of L a12R e5C 15 used for the structure determ ination were isolated by mechan ical fragm entation of the button annealed at 900 °C. Those of the holmium compound were ob tained from the sample treated in the high fre quency furnace as described above. Single-crystals of L a12R e5C 15 and H o 12Re5C 15 were examined us ing a Buerger precession camera. They showed the hexagonal high Laue symmetry 6/mmm and the structure was eventually refined in the space group P 6 2 m (No. 189).
Intensity data were recorded on an automated four-circle diffractom eter (CAD 4 turbo) with Lattice constants see Table I see Table I  Space graphite monochromated M oKa radiation and a scintillation counter with pulse-height discrimi nation. The crystallographic data and some results are summarized in Table II . The positions of the metal atoms were determ ined from a combination of a Patterson synthesis and direct methods. Those of the carbon atoms were located from subsequent difference Fourier analyses. The structures were refined by full-matrix least-squares cycles with atomic scattering factors [17] , corrected for anom alous dispersion [18] . The weighting schemes in cluded a term, which accounted for the counting statistics, and a param eter correcting for isotropic secondary extinction was refined and applied to the calculated structure factors. As checks for the ideal compositions we fixed the scale factors and varied the occupancy param eters of all atoms along with their thermal param eters (except for the carbon atoms in L a12Re5Ci5). All occupancy param eters were within four standard deviations of the ideal compositions, and thus one may as sume the ideal occupancies, especially also for the carbon atoms, where a large percentage of defects was found in some structures [19] [20] [21] [22] . In the final (6) cycles the ideal occupancies were as-0.34 (9) sumed. The last column contains the 0.24 (9) isotrop B values o f the carbon atoms 0.22 (6) and the equivalent isotropic thermal 0.39 (6) parameters least-squares cycles the ideal occupancies were as sumed. The metal atoms were refined with aniso tropic, the carbon atoms of H o12Re5C 15 with iso tropic thermal parameters. For L a12Re5C15 even the isotropic therm al param eters of the carbon atoms could not be refined, because of the low num ber of structure factors. In the final difference Fourier syntheses the highest peaks (Table II) were very close to the metal positions and there were no indications for the occupancy of ad ditional atomic sites. As a check for the absolute configuration of the H o12Re5C i5 crystal one series of least-squares cycles was run, where all atomic positions x y z were changed to x y z. This resulted in a residual of R = 0.024 as compared to R = 0.018 for the correct handedness. The program STRUC T U R E TIDY [23] in Fig. 2 . Listings of the structure factor tables and the anisotropic therm al param eters are available.*
Discussion
The ternary carbides L n)2Re5C i5 crystallize with a new hexagonal structure type which we have first determ ined for the lanthanum compound. We therefore call this a L a12R e5C i5 type structure. However, in the following discussion, when we quote interatom ic distances we refer to the dis tances in H o 12R e5C 15, since they are more accurate.
The holmium atoms occupy three different atomic sites. They have high coordination numbers with carbon, rhenium and holmium in their coor dination shells. Since the holmium atoms are the most electropositive com ponent, the holmium-carbon and holmium-rhenium interactions are more im portant than the holmium-holmium interac tions. The H o -C distances cover the range from 231 to 292 pm and the H o -R e distances vary be tween 307 and 321 pm. 281 ( appear to reflect the increasing CN, while the av erage H o -R e distances of 319, 317, and 318 pm are surprisingly similar. Both rhenium atoms have three carbon neigh bors, the R e 2 atoms at 187 pm, while the R e l -C distances of 189 pm and 207 pm (2x) are greater. The differences of these bond lengths can be understood only if we ascribe some bonding character to the Re 1 -Re 1 interactions of 284 pm.
Of the four carbon atoms two have octahedral coordination. The C l atom has one rhenium and five lanthanoid neighbors, as was found also for one carbon atom in E r2ReC2 [9] , while the C4 atom has two rhenium (in cis position) and four lanthanoid neighbors, as was found for one carbon position in Sc5R e2C7 [8] , The C2 and C3 atoms form pairs with a C-C distance of 142 (5) pm. The standard deviation for this distance is rather high, however, similar C-C distances were found in many other ternary carbides of similar com po sition [24] . These distances are always shorter than the typical single-bond distance of 154 pm found in hydrocarbons and may be as short as the typical double-bond distance of 134 pm in olefins. The co ordination shell of this C2 pair in H o 12R e5C i5 con sists of one rhenium and six holmium atoms. It can be derived from that of an octahedron, where two holmium atoms are placed at the position of one apex (Fig. 3) . This coordination of a C2 pair seems to be novel, although it shows some resemblence to that of the C2 pair in E r2FeC4 [25] .
Chemical bonding in H oi2R e5C i5 may be ra tionalized to a first approxim ation by simple plausible assumptions. We consider the interac tions of the holmium atoms with the other atoms as predom inantly ionic. Therefore, we count the valence electrons of the holmium atoms at the rhe nium-carbon anions. In contrast, the rhenium -car bon interactions are certainly essentially covalent, nevertheless, in order to establish oxidation num bers, we count the corresponding bonding elec trons at the carbon atoms, assuming the octet rule for the carbon atoms to be obeyed. Through this account the num ber of those electrons at the rhe nium atoms can be derived, which are not involved in rhenium-carbon interactions. There are two different kinds of rhenium -car bon anions in the structure. Both are planar with trigonal symmetry. Their relative arrangem ents are shown in Fig. 4 . In the left-hand side of Fig. 5 we show the interatom ic distances within the groups, and at the right-hand side we show two extreme Lewis formulas for each of these groups together with the resulting oxidation num bers of the rhenium atoms and the electron count for each rhenium atom. Many other electron distributions are possible. However, as a first approxim ation and aiming for integer numbers, we considered a charge distribution corresponding to a formula [12La3+]36+[2R eC 39-] 18-[R e 3C3(C2)3]18-as most plausible. In a thermodynamically stable solid state compound we can assume that all atomic o r bitals of the rhenium atom s will either be filled with nonbonding electrons, or they will be partici pating in the chemical bonding unless their energy is too high. This is the basis of the 18-electron rule. In the extreme Lewis formulas shown in Fig. 5 the R e l atoms obtain between 15 and 20 electrons, while the Re 2 atoms are drawn with 16 and 22 electrons, respectively. To check whether these formulas make any sense we may compare the in teratomic distances given at the left-hand side of Fig. 5 with the previously estimated R e -C bond lengths of about 228, 197, and 173 pm for single, double, and triple bonds, respectively [9] . Thus, the R e l -C 2 distance of 189 pm is in between a double and a triple bond, the R e l -C 4 distance of 207 pm is between a single and a double bond, and the R e 2 -C l distance of 187 pm is again between a double and a triple bond. Therefore, the bond lengths of both anions suggest that the real val ence electron distributions are in between the ex trem e Lewis formulas shown in Fig. 5 . These inter m ediate electron counts are thus compatible with the 18-electron rule.
The R e l -R e l bond lengths of L a12R e5C i5 and H o 12R e5C ]5 are surprisingly different and deserve some comment. Both distances -293.6(3) pm in the lanthanum and 283.9(1) pm in the holmium compound -are short enough to correspond to (albeit weakly) bonding interactions. There are two essential differences between lanthanum and holmium, the size and the electronegativity differ ence, and both may contribute to the difference of the R e l -R e l bond lengths.
The lanthanum atoms are much larger than the holmium atoms, and this certainly results in differ ences of the packing in the solid. This is also evi dent from the different c/a-ratios (0.488 for the La and 0.473 for the Ho com pound). Since the R e l -R e l interactions are not very strong, the threedimensional solid may compensate at these inter actions any possible strain associated with the dif ferent sizes of the cations. An analysis of the pack ing, which in detail shows how the different sizes of the cations results in the different R e l -R e l bond lengths, is difficult, however, and was there fore not attem pted.
The other effect, resulting from the electronega tivity difference, is perhaps more plausible. We have speculated above, that the [Re 13C3(C2)3]18_ polyanion may provide 18 electrons to each R e l atom. If the electron count is less than 18, and if the R e l -R e l bonding states are at the Fermi le vel, than any additional electron in the polyanion will shorten the R e l -R e l bonds. In contrast, if the polyanion provides more than 18 electrons to each R e l atom, and if the Fermi level cuts through the R e l -R e l (now) anftbonding levels, then any additional electron will lengthen the R e l -R e l bond distances. In a band structure electron counts per atom do not need to be integers, because the electron count can change continuously as a result of differences in band width and band overlap. Since the lanthanum atoms are more electroposi tive than the holmium atoms, they will provide more negative charge to the polyanions. If the R e l atoms in the holmium com pound already possess 18 electrons, any additional negative charge within the polyanion originating from the more electropositive lanthanum atoms will lengthen the R e l -R e l bonds. A sensitive band structure calculation, which reflects the electro negativity differences between lanthanum and hol mium, may prove or disprove this speculation.
